This study compared the effect of single-dose caudal epidural bupivacaine, bupivacaine plus ketamine and bupivacaine plus tramadol for postoperative pain management in children having surgery for inguinal hernia.
Caudal anaesthesia for paediatric surgery was first reported in 1933 1 . Since then studies have described the indications for paediatric caudal block, the level of analgesia, recommended doses and pharmacokinetics of local anaesthetics used in caudal anaesthesia and the general or specific advantages and disadvantages of the technique 2-6 . Single-shot caudal anaesthesia with local anaesthetic has a limited duration of action 7 . The potential complications of caudal catheter placement are not warranted for many paediatric inguinoscrotal procedures 8 . Therefore, many children undergoing inguinoscrotal surgery with caudal analgesia require further analgesia during the postoperative period 9 . Prolongation of anaesthesia can be achieved by adding various adjuvants, such as opioids and non-opioids like clonidine, ketamine, midazolam and neostigmine, with varying degrees of success [10] [11] [12] [13] [14] . Our study was designed to compare the effects of plain bupivacaine 0.25%, bupivacaine 0.25% plus tramadol 1 mg/kg and bupivacaine plus ketamine 0.5 mg/kg in a volume of 0.5 ml/kg as single-shot caudal epidural for postoperative pain relief in children undergoing unilateral inguinal herniotomy. Our study was preceded by an observational pilot study in 15 patients using 0.5 ml/kg of bupivacaine 0.25% caudally for unilateral inguinoscrotal surgery. In this pilot study a mean VAS score <3 was achieved for six hours after surgery in 80% of patients. An earlier study had reported the use of a low volume (0.5 ml/kg) of bupivacaine 0.25% in 46 children undergoing hypospadias repair 15 .
METHODS
The study was approved by the hospital ethics committee and written informed consent was obtained from a parent of each subject. We studied 75 children ASA I and II between three and nine years, who were booked for unilateral inguinal herniotomy. Children in whom caudal block was contraindicated (infection at the site of block, bleeding diathesis, pre-existing neurological or spinal disease or abnormalities of sacrum) were excluded from the study. Patients were kept fasting for six hours before the procedure. Clear fluids (10 ml/kg) were allowed up to three hours before the procedure.
The patients received no premedication and all the procedures were performed under general anaesthesia. Anaesthesia was induced by facemask with halothane and 60% nitrous oxide in oxygen and then intravenous access was secured. Thiopentone was administered in the dose of 5 mg/kg and an LMA of appropriate size was placed. The caudal block was performed by an experienced anaesthetist using a 23 gauge short-bevel needle under aseptic conditions. After negative aspiration for blood or cerebrospinal fluid, the study solution was administered. Anaesthesia was maintained with 70% nitrous oxide in oxygen and halothane approximately 1% end-expiratory with spontaneous ventilation. No sedatives or opioids were administered during the procedure.
The study design was randomised and doubleblind; patients were randomly allocated to one of the three groups (n=25 in each group) by using a random number table. An anaesthetist not involved in patient care prepared the study solutions by following standard written instructions. Group bupivacaine (B) received caudal 0.5 ml/kg of bupivacaine 0.25%; group bupivacaine-ketamine (BK) 0.5 ml/kg of bupivacaine 0.25% with preservative free racemic ketamine 0.5 mg/kg and group bupivacaine-tramadol (BT) 0.5 ml/kg of bupivacaine 0.25% with preservative free tramadol 1 mg/kg. Heart rate (HR), mean arterial blood pressure (MAP) and pulse oximetry (SpO 2 ) were recorded before the induction of anaesthesia and every five minutes thereafter. During surgery, adequate intraoperative analgesia was defined by haemodynamic stability, as evidenced by the absence of an increase in the heart rate or a mean arterial blood pressure greater than 15% compared to the baseline values obtained before skin incision: halothane concentration was maintained between 0.5% and 1%. An increase in the HR or MAP within 15 minutes of skin incision indicated failure of caudal anaesthesia. If the readings increased by >15%, the child would receive a rescue opioid (pethidine 1 mg/kg initially and subsequently 0.5 mg/kg as dictated by haemodynamic variables), because analgesia was considered inadequate. Fluid therapy was standardised during and after therapy. During surgery, children received Lactated Ringer's solution 6 ml/kg/h, whereas 5% dextrose in 0.45% NaCl was infused at 4 ml/kg/h in the postoperative period. An intraoperative decrease of MAP or HR by >30% was defined as hypotension or bradycardia, respectively, and was treated by fluid bolus, a vasoconstrictor (mephentermine) or atropine as necessary.
Anaesthesia was discontinued at the completion of skin closure. After the operation, time from discontinuation of anaesthesia to spontaneous eye-opening and the duration of surgery were noted.
Each patient was observed for two hours in the post anaesthesia care unit (PACU) before being transferred to the ward. In the PACU, HR and SpO 2 were monitored continuously and MAP was monitored every five minutes. When the child was awake in PACU, pain and sedation scores, respiratory rate, MAP and HR were assessed by an anaesthetist blinded to the group allocation. Assessments by the same anaesthetist were repeated at two, four, six, 12 and 24 hours after recovery from anaesthesia. The same anaesthetist performed the measurement in all the patients.
Postoperative pain score was assessed using the All India Institute of Medical Sciences (AIIMS) Pain Discomfort Scale 16 , which measures five variables: respiratory rate, heart rate, discomfort, cry and pain at the site of operation. Each variable scores from zero to two to give a possible total score of zero to 10. A lower score is associated with less pain. The duration of absolute analgesia was defined as the time from caudal injection until a pain score was ≥2. Rescue analgesia was given for an AIIMS Pain Discomfort Scale score ≥4 in the form of oral paracetamol (10 mg/kg). Assessment of sedation was done at 30 minutes, one, two, four and six hours by using an objective score based on eye-opening (eyes open spontaneously=0, eyes open in response to verbal stimulation=1, eyes open in response to physical stimulation=2) 17 . The duration of motor block (time when the child began to move his legs), time to first void and side-effects (emesis, pruritus, dizziness etc.), if any, were noted.
A follow-up study was undertaken to detect any adverse neurological outcome in the study population. This follow-up consisted of questioning the parents (any movement abnormality; child complaining of any abnormal sensation, such as pain, paraesthesia or weakness; any bladder or bowel dysfunction; dislike for outdoor activities) and physical examination (tests of motor power, reflexes, position, vibration and temperature sense). The tests for position, vibration and temperature were performed in children who could understand the instructions given to them. Fifty-nine children attended the followup after two months.
The sample size was determined with a target to detect a prolongation of postoperative analgesia by 180 minutes compared with placebo, with a power of 0.88 and a P value of 0.05. The descriptive analyses were performed for each of the variables. The continuous normal variables were presented as mean ± SD whereas non-normal continuous variables were presented as median (range). The categorical variables were presented as percentages. One-way ANOVA was used for comparison of continuous variables among the different groups with post hoc analysis using the Bonferroni correction. Chi-square test was used to study the strength of association of categorical variables. Repeated ANOVA was used for seeing the time effect as well as group effect for variables. Cochrane Q test was used to see the change in the properties of sedation with respect to time separately for each group. P values less than <0.05 were considered statistically significant.
RESULTS
The three groups were comparable with respect to age, weight, duration of surgery etc. (Table 1) . No statistically significant differences were observed in intraoperative and postoperative heart rate, arterial pressure and oxygen saturation. No patients required intraoperative 'rescue' pethidine.
The results are given as mean ± SD. The time to first administration of rescue analgesia was 6.5±4.1 hours in group B, 9.2±3.9 hours in group BK and 8.5±3.1 hours in group BT. The time to first analgesia was significantly shorter in group B (P <0.05) than that in the other two groups ( Table 2 ). The duration of analgesia was also significantly shorter in group B in comparison to the other two groups. There was no significant difference between groups BK and BT although both the duration of analgesia and the time for first rescue analgesic were shorter in group BT ( Table 2 ).
The total consumption of analgesic was significantly higher in group B (388±92.5 mg) in comparison to group BK (251±77.6 mg) and group BT (270±64.6 mg) ( Table 3) .
There was no significant difference in the sedation scores in the three groups (Table 4 ). There was no significant difference in the three groups in the time to first void, emesis and pruritus ( Table 2) .
None of the patients had motor block on emergence from anaesthesia. None of the patients experienced hallucinations. No child required bladder catheterisation. The follow-up evaluations did not show any adverse neurological outcome.
DISCUSSION
In our study, we have confirmed the findings of other studies that the addition of tramadol or ketamine to caudal bupivacaine prolongs the duration of analgesia [18] [19] [20] and our results are consistent with previously published results. Our results showed that in the present dose and volume there was no statistically significant difference in side-effects in the bupivacaine-ketamine and bupivacaine-tramadol groups from the bupivacaine only group, but the study was not powered to detect modest differences in these areas.
Senel and colleagues 18 examined the analgesic efficacy of bupivacaine 0.25% 1 ml/kg, tramadol 1.5 mg/kg in normal saline, or bupivacaine 0.25% 1 ml/kg with tramadol in children undergoing inguinal herniorrhaphy. Their results showed that patients who received bupivacaine and tramadol had a significantly longer time to administration of first analgesic (13±2 hours) than either the bupivacaine group alone (10±2 hours) or the tramadol group (5±1 hours). In our study the group receiving bupivacaine 0.25% combined with tramadol 1 mg/kg up to 0.5 ml/kg had the first requirement for analgesia after 8.5±3.1 hours. The lower doses used in our study were associated with a reduced incidence of emesis and shorter time to first void than in patients in other studies 18, 19, 21 . Batra and colleagues 19 suggested caudal tramadol 1 mg/kg can be safely used for postoperative analgesia with a longer duration compared with caudal bupivacaine. Our dose of 0.5 ml/kg bupivacaine (0.25%) with 1 ml/kg tramadol provided adequate analgesia with a relatively low incidence of side-effects.
In the study by Prosser and colleagues 21 the addition of tramadol did not significantly prolong the action of caudal bupivacaine. It is notable that the mean duration of action of the plain caudal bupivacaine in their study (9±3 hours) was much longer than that reported in other studies 22, 23 . Differences in the type of surgery, method of pain scoring, dosage and volume of medication and calculation of duration of analgesia may all have contributed to this discrepancy.
Whether the prolonged duration of action of caudal tramadol is caused by prolonged spinal action or systemic absorption is unclear. Some data 24 suggest that tramadol injected into the epidural space acts as a depot for immediate and delayed systemic absorption. Tramadol has also been reported to depress spinal nociceptive receptors in the rat, indicating that, similar to morphine, it acts at the spinal level 25 .
Our study showed that caudal administration of bupivacaine 0.25% 0.5 ml/kg with 0.5 mg/kg of ketamine produced comparable postoperative analgesia to the bupivacaine-tramadol group. This confirms previous reports that extradural administration of ketamine exerts modulatory influences on postoperative pain mechanisms 26, 27 .
Naguib and colleagues 27 found that ketamine 10 mg in 10 ml saline administered extradurally was ineffective in producing analgesia and all of the patients in that group required additional doses. In contrast, by increasing the dose of ketamine to 30 mg, 54% of the patients had adequate analgesia after a single extradural injection. Although different doses of ketamine (0.25% to 1%) have been reported in combination with local anaesthetics to increase the duration of analgesia 10 , the optimal dose is probably 0.5 mg/kg 10, 20, 28 . The primary mechanism of action is through the blockade of N-methyl-D-aspartate receptors situated in the substantia gelatinosa of the spinal cord 29, 30 .
Ketamine also binds to opioid receptors, with a preference for mu receptors 10 .
There was a significant reduction in the postoperative analgesia requirement of the children in the bupivacaine-ketamine group comparable to the bupivacaine-tramadol group. No significant central nervous system side-effects, such as hallucinations, were observed. 
2 hours 0 (0-1) 0 (0-1) 0 (0-1) 4 hours 0 (0-1) 0 (0-1) 0 (0-1) 6 hours 0 (0-1) 0 (0-1) 0 (0-1) Group B=bupivacaine; Group BK=bupivacaine plus ketamine; Group BT=bupivacaine plus tramadol. Sedation scores are expressed in median (range in parentheses).
Respiratory depression, urinary retention and pruritus which are known to be associated with caudal administration of opioids were not encountered in our study. We used the AIIMS pain discomfort scale for assessment of pain because our staff and faculty are well accustomed to its usage and the score includes physiological changes such as heart rate and respiration, which can be measured without causing discomfort to the patient. For this reason, it is a clinically relevant scoring system and has been validated for use in children 15 .
Our study had a number of limitations. The children were not classified by gender, though randomisation should minimise the chance of bias. There have been concerns raised about the safety profile of ketamine and tramadol in the peridural space, which our study is too small to resolve. The type of needle used in our study, though standard in ours and many other centres, is not accepted by all as the appropriate needle for performing a caudal block since it may carry the risk of introducing cutaneous and subcutaneous tissues into the caudal (and/or subarachnoid ) space and has been implicated in the genesis of epidermoid tumours 31 . The AIIMS Pain Discomfort Scale is validated in children up to five years of age, but we included children up to nine years in our study. This was because of its familiarity in usage amongst our staff and faculty. We felt that a placebo epidural injection could not be justified, so the plain bupivacaine group acted as our control. The significant effect of the addition of either tramadol or ketamine was over and above the well described efficacy of bupivacaine. The small volume of our injectate was supported by the fact that the analgesia was mostly satisfactory in all groups and this may have minimised some adverse effects.
In conclusion, our study demonstrates that the addition of 0.5 mg/kg ketamine or 1 mg/kg tramadol to 0.25% bupivacaine 0.5 ml/kg significantly prolongs the duration of effective caudal analgesia without any increase in the adverse effects in children having surgery for inguinal hernia.
